Purpose: This study aimed to examine Theory of Mind (ToM) and social competence in children and adolescents with genetic generalised epilepsy (GGE), and explore how they relate to neurocognitive and epilepsy variables. Methods: Twenty-two children and adolescents with GGE (8-16 years old) and 22 typically developing controls completed two behavioural tasks (faux-pas, strange stories) assessing cognitive and affective ToM, and a battery of standardised neuropsychological tests. Parents completed questionnaires assessing ToM and social competence. Neurologists completed the Global Assessment Severity of Epilepsy (GASE) scale to measure of epilepsy severity. Results: Children and adolescents with GGE were impaired in both cognitive and affective ToM, and had reduced social competence compared to controls, which was not attributable to low intellectual functioning or impaired executive skills (working memory, inhibition). Lower ToM correlated with reduced social competence in children and adolescents with GGE. Clinical variables identified included: (i) higher daily dosage of valproate, which was correlated with reduced affective ToM, (ii) higher daily dosages of ethosuximide and lamotrigine, which were correlated with reduced social competence, and (iii) overall epilepsy severity on the GASE, which was correlated with reduced social competence. Conclusions: Our study revealed cognitive and affective ToM impairments in children and adolescents with GGE, which correlated with everyday social problems. Moreover, higher dosages of commonly prescribed anti-epileptic drugs and overall epilepsy severity were related to ToM impairments and social competence problems. Although preliminary, these findings provide critical information for detection and screening procedures for social difficulties in children and adolescents with GGE, which are currently lacking.
Introduction 1
Genetic generalised epilepsy (GGE) is a common childhood-onset epilepsy, which is associated with widespread social difficulties: reduced social competence, poor social skills and social communication deficits [1] . Social difficulties in GGE tend to persist, leading to social isolation and social stigma as adults [2] . In clinical practice, psychosocial problems are often undetected and untreated, partly because there is limited understanding of what underpins social difficulties in epilepsy, which is necessary for developing screening tools and empirically-validated treatments [3] . Nevertheless, two theoretical models now suggest that impaired Theory of Mind (ToM) might underpin social difficulties in children with epilepsy [1] and other neurological conditions [4] .
Theory of Mind (ToM) is the ability to understand the thoughts, intentions, beliefs and emotions of others and oneself [5] . ToM development is associated with maturation of a particular brain network [6] and impacted by demographic and social-environmental factors, such as education, parenting style, peer socialisation and adequate social supports [7] . ToM is comprised of component processes, including cognitive perspective taking (cognitive ToM) and emotional understanding (affective ToM), which have different developmental trajectories [5] . While cognitive ToM develops in early childhood, affective ToM develops from middle childhood until late adolescence [8] . Research into the brain networks implicated in ToM is still in its infancy. Nevertheless, neuroimaging studies have implicated a common network of brain regions in cognitive and affective ToM, including the medial prefrontal cortex (mPFC), superior temporal sulcus (STS), temporoparietal junction (TPJ) and bilateral temporal poles [6, 9] . In addition to activation of a common network, cognitive ToM and affective ToM have been related to greater activation of the dorsolateral [10] and ventromedial [11] [12] [13] prefrontal cortex, respectively. Although seizures in GGE do not definitely emanate from temporal or frontal lobe regions, they commonly interfere with functioning of regions that are critical for ToM [14] .
Studies examining ToM in children with epilepsy are limited, with a recent meta-analysis finding that only two of 14 studies examined child epilepsy samples [15] . Both of these studies included children with GGE and found evidence of ToM deficits [16, 17] . One study used the Reading the Mind in the Eyes Task (RMET) to assess ToM [16] . The RMET is considered an advanced ToM task that requires children to predict underlying mental states based on eyes' expressions. Another study used the strange stories task, which is another advanced ToM task that requires children to predict cognitive and emotional states of characters in stories [17] . Neither of these tasks generates a separate score for cognitive and affective ToM. Instead, both generate one final ToM score, meaning it has remained unclear whether ToM deficits are apparent in both cognitive and affective ToM, or in one domain only. Moreover, neither study examined how seizure variables related to ToM, nor how ToM related to social outcomes, limiting information about clinical risk factors and the functional implications of ToM impairments on children's daily social functioning [16, 17] .
A recent theoretical model of social competence in childhood epilepsy proposes that epilepsy variables (i.e. earlier onset of seizures, greater seizure severity, greater seizure frequency, prescription of antiepileptic drugs AEDs) may adversely affect ToM development and social outcomes [1] . Despite theorised associations, studies examining the relationship between epilepsy variables and ToM have not been consistent for children or adults. One study examining ToM in adults with temporal lobe epilepsy (TLE) found that earlier onset of seizures was associated with reduced ToM [18] . Another study of children with TLE found a significant association between longer duration of epilepsy and poorer ToM, but only for children with borderline intellectual functioning [17] . In contrast, other studies have found no significant associations between epilepsy variables (i.e. age of seizure onset, duration of epilepsy, seizure frequency, number of AEDs) and ToM in adults with TLE [19, 20] , adults with FLE [21] or children with GGE [16] . With regard to social outcomes, associations between epilepsy variables and social outcomes in children have not been significant, with null findings reported for age at onset [22] , duration of epilepsy [23] , seizure frequency [22, 24] and AEDs [25] . Thus, the relationship between epilepsy variables and ToM requires further examination for children with epilepsy, as current empirical findings are at odds with proposed theories.
The impact of AEDs requires particular consideration, as medication may have a detrimental effect on the developing brain [25] . Studies have found that adverse effects of AEDs on cognitive function were mostly attributable to dosage effects, rather than presence or absence of any one AED [26, 27] . Despite this, childhood studies have measured AEDs as a single, dichotomous variable (monotherapy/polytherapy) and found no differences between children on monotherapy or polytherapy in ToM [17, 28] . The dichotomous categorization of AEDs is unlikely to be sensitive to the complex effects of dosage and medication type. This is particularly problematic among children with GGE, who mostly achieve seizure control on a single AED, with sodium valproate (valproate) being the most widely prescribed drug [29] .
Aside from epilepsy variables, theoretical models of social competence in childhood epilepsy and neurological conditions [1, 4] highlight the importance of considering cognitive skills that develop alongside ToM and are important for emerging social competence, such as executive functioning (EF). EFs refer to higher order cognitive skills that enable children to monitor, modify and inhibit responses and shift flexibly between changing stimuli in their environments [30] . Working memory (WM) and inhibition are two EFs that are strongly associated with ToM [31] and social competence [32] in typically developing children, and are often impaired in children with GGE [33] . Thus, impairments in EF might underlie or account for impairments in ToM and social competence in children with GGE and are important to include as control variables.
The primary aim of this study is to examine cognitive and affective ToM and social competence in children and adolescents with GGE. We hypothesised that the GGE group would have impaired cognitive and affective ToM, which would relate to reduced social competence. The secondary aim of the study is to explore the relationship between epilepsy variables, ToM and social competence. This study has important clinical implications, as identifying social cognitive, neurological and pharmacological risk factors underling social dysfunction in children and adolescents with GGE will help to improve detection and intervention methods.
Materials and methods

Participants
Children and adolescents with GGE were recruited from two tertiary paediatric epilepsy services in Sydney from February 2016 to August 2017. Eligibility criteria included: diagnosis of GGE, 8 to 16 years old, fluent in English, full scale intellectual quotient (FSIQ) > 70, absence of major developmental/psychiatric conditions (i.e. autism), sensory/ motor impairments (i.e. cerebral palsy, significant visual/hearing impairments), major neurological disorder (e.g. severe brain injury), systemic and metabolic disorders that could lead to cognitive impairment, and absence of a neurological procedure/surgery in the previous 12 months. Forty-eight children and adolescents with GGE were identified as eligible by treating neurologists (DG, RW, JL) and invited to participate. Twelve declined participation due to parental work commitments (n = 4), school (n = 2) or co-curricular constraints (n = 6) and 12 were unable to be contacted. Twenty-four children and adolescents with GGE were assessed, with two children subsequently excluded due to FSIQ < 70. There were no significant differences in demographic characteristics of children who participated and those who did not (see supplemental tables). Twenty-two typically developing control children with no history of epilepsy or seizures, neurological or psychiatric conditions were recruited over the same period through friends and colleagues of investigators. The same inclusion criteria were applied, with the exception of a diagnosis of epilepsy.
The study was conducted according to the approval provided by the hospital ethics committee in August 2015.
Procedure
Children were assessed individually in a single two-hour testing session in clinical consultation rooms at participating hospitals or at the University of Sydney. Children completed a series of behavioural tasks assessing ToM, FSIQ and EF. Parents completed questionnaires assessing ToM, social competence, and emotional/behavioural functioning of their child.
Demographic variables
Age and gender were gathered from parents. An estimate of socialeconomic status (SES) was obtained using the Australian Bureau of Statistics Socio-Economic Index for Areas (SIEFA), which assigns a decile rank of 1 (lowest SES) to 10 (highest SES) based on residential address [34] . Table 1 summarises ToM measures, including subscales and ranges of scores. ToM was measured using two behavioural tasks: strange stories and faux-pas task [35, 36] and a parent-report questionnaire: Theory of Mind Inventory (TOMI) [37] . These were selected based on a review of social cognition in healthy individuals [38] and a meta-analysis of ToM in epilepsy [15] . The strange stories task consists of 12 mental state stories and three physical state stories, which have been previously described [36] . The mental state stories contain interactions between two or more characters in which there are non-implicit or hidden meanings, such as pretences, white lies, misunderstandings, irony, forgetting, persuasion and double bluff. Children answer questions pertaining to the thoughts and feelings of characters in the stories, which requires an understanding of both cognitive and affective ToM. Children receive a score of 0 (incorrect; no mention of cognitive or affective ToM), 1 (partial correct response; mention of cognitive or affective ToM) or 2 (complete correct response; mention of both cognitive and affective ToM) for each story. The total ToM score is generated by summing responses to the 12 stories and this reflects both cognitive and affective ToM. Three control stories are administered to children to assess general story comprehension. Control stories contain scenarios that do not involve social interactions or implicit meanings and children answer questions pertaining to factual events of the stories, which are scored from 0 to 2.
Cognitive assessment
Theory of mind assessment
The faux-pas task contains 10 faux-pas stories and 10 non-faux-pas stories, in which children are asked questions assessing their general comprehension of the story, cognitive and affective. Administration and scoring are based on procedures described in a previous study [35] , with current analyses focused on cognitive and affective ToM questions in faux-pas stories, rather than on the child's ability to detect or exclude presence of faux-pas, as we were interested in underlying mentalising ability. In the faux pas stories, one of the characters makes an unintentional social blunder, which impacts upon another characters feelings. Children must explain what the first character was thinking (cognitive ToM) and how this affects how the second character feels (affective ToM). Children also answer a general comprehension question for each story, which pertains to non mental-state facts. Responses are scored as 0 (incorrect) or 1 (correct attribution of thoughts/feelings or correct comprehension of the story). Separate scores are obtained for cognitive ToM, affective ToM and general story comprehension.
The TOMI is a 42-item parent-report questionnaire that assesses advanced cognitive and affective ToM, as well as earlier emerging social cognitive skills (e.g. facial emotion recognition, basic cognitive ToM) in children aged 3-17 years [37] . The TOMI provides a total ToM score that was found to be a valid and reliable test of ToM among typically developing children and children with autism, which was found to correlate well with a behavioural ToM test battery that parallels the skills assessed on the questionnaire [37] . The TOMI was included to determine whether it was sensitive to detecting ToM impairments, and related to extensively validated behavioural ToM tasks used in our study (strange stories, faux pas), in children and adolescents with GGE. The TOMI is easy to administer and less demanding on clinical resources than behavioural ToM measures. Hence, if the TOMI is found to be sensitive to ToM abilities and shows good concurrent validity in this clinical population, it could be used as a screener for ToM deficits in children and adolescents with GGE. Table 1 summarises social competence measures. Selected subscales from two parent-report questionnaires were used: Child Behavior Checklist 6-18 years (CBCL) [39] and Strength and Difficulties Questionnaires (SDQ) [40] , which map to domains of social competence outlined in a model of social competence for chilren with epilepsy [1] .
Social competence measures
Epilepsy variables
Interviews with parents, and reviews of medical records conducted by treating neurologists (RW, DG, JL) were used to gather information about epilepsy variables of interest: age of seizure onset, age at diagnosis, duration of seizures, seizure frequency over past 12 months, number of AEDs, daily dosage of AEDs, epilepsy syndrome and period of untreated seizures (i.e. time between seizure onset starting medication; all children started medication within one week of the formal diagnosis). Treating neurologists completed the Global Assessment of Severity of Epilepsy Scale (GASE), which is a validated single-item scale that rates epilepsy severity from 1 (not at all severe) to 7 (extremely severe) [41] .
Statistical methods
Data analysis was performed using the Statistical Package for Social Sciences (SPSS, Version 25.0). Effect sizes were expressed in Cohen's d, with interpretation as follows: 0.3 = small, 0.5 = medium, 0.8 = large [42] . Groups were compared on demographic and cognitive variables with independent samples t-tests and chi-square tests. Variables that differed significantly between groups were included as covariates in subsequent analyses: FSIQ, WM and inhibition. Two separate Multivariate Analysis of Covariance (MANCOVA) compared groups on measures of ToM and social competence, respectively. The same three covariates were included in the two MANCOVAS: FSIQ, AWMA backward digit recall (WM) and D-KEFS colour word inference condition 3 (inhibition). Statistical guidelines were consulted for decisions regarding multicollinearity [43] . Assumptions for MANCOVA were met for all but one variable: faux-pas cognitive ToM, which had a single significant outlier that was adjusted with the windorisation method [44] . Post-hoc p-values were adjusted with Bonferroni corrections for multiple comparisons. Further paired samples t-tests analysed withingroup differences in cognitive and affective ToM on the faux pas task. Pearson correlations (rs) assessed strengths of relationships between ToM and social competence. Spearman rank order correlations (rhos) evaluated relationships between epilepsy variables, ToM and social competence, as epilepsy variables were not normally distributed. Correlational analyses were exploratory and were only conducted for variables on which GGE differed significantly from controls. Bonferroni corrections have been conducted in correlational analyses; adjusted pvalues have been reported throughout the paper such that a significance level of 0.05 can be used for interpretation. To examine individual differences in social competence as a function of epilepsy severity, children and adolescents with GGE were grouped into those with (i) low epilepsy severity (GASE score < 3) and (ii) high epilepsy severity (GASE score ≥3) based on the median GASE score. To determine whether social competence problems were clinically elevated, children were grouped into those with (i) average social competence scores, and (ii) borderline to clinical range social competence scores, on measures on which GGE differed significantly from controls. Chi-square test of independence were then used to compare probability of having (i) reduced social competence in children and adolescents with GGE compared to controls and (ii) reduced social competence in children and adolescents with GGE with low and high GASE scores. Fisher's exact test was reported where N < 5.
Results
Participants
Demographic variables are summarised in Table 2 . Twenty-two children and adolescents with GGE and 22 healthy controls were included in the final sample. In the GGE group, there were 11 children (aged 8 years 0 months to 12 years 11 months) and 11 adolescents (aged 13 years 0 months to 16 years 11 months). In the control group, there were 12 children (aged 8 years 0 months to 12 years 11 months) and 10 adolescents (aged 13 years 0 months to 16 years 11 months). The groups (GGE and controls) did not differ in age, gender, or SES. Independent samples t-tests were also used to compare children and adolescents with GGE (as defined above) on demographic, cognitive and epilepsy variables. Children and adolescents with GGE differed significantly in age at testing, but did not differ on any other demographic (gender, SES), cognitive (FSIQ, EF) or epilepsy variables (see supplemental tables).
Epilepsy variables are summarised in Table 2 . Dosages of AEDs for children on monotherapy and polytherapy are summarized in Table 3 . Twelve children with GGE were on monotherapy, seven were on polytherapy (taking two, n = 4; three, n = 2; or five, n = 1; AEDs) and three were not taking AEDs. Children not taking AEDs had active epilepsy: they had either ceased medication < 2 years ago and/or had experienced a seizure in the past 2 years [45] . The most commonly prescribed AEDs were valproate (Epilim, N = 13), ethosuximide (Zarontin, N = 5) and lamotrigine (Lamictal, N = 6). Combinations of AEDs for children on polytherapy are summarised in supplemental tables.
Cognitive variables
Cognitive variables are summarised in Table 2 . Children and adolescents with GGE obtained significantly lower FSIQ scores than controls and performed significantly below controls on both measures of EF: WM and inhibition. Therefore, FSIQ, WM (AWMA backward digit recall) and inhibition (D-KEFS colour word inference, condition 3) were included as covariates in subsequent MANCOVAs.
Theory of Mind
Mean scores for ToM tasks are graphed in Fig. 1 (means and SDs are reported in supplemental tables). MANCOVA revealed a statistically significant difference between GGE and controls across measures of ToM (Pillai's value = 0.793, F (3,34) = 16.654, p < 0.001). Post-hoc tests with Bonferonni adjusted p-values revealed that GGE performed significantly below controls on strange stories mental stories (F (1,42) = 35.87, p < 0.001, d = 2.61), but not physical stories, while controlling for FSIQ, WM and inhibition (Fig. 1A) . On the faux-pas task, GGE performed significantly below controls in cognitive ToM (F (1,42) = 19.23, p < 0.001, d = 1.25) and affective ToM (F (1,42) = 18.96, p < 0.001, d = 1.77), but not on comprehension questions, while controlling for FSIQ, WM and inhibition (Fig. 1B) . Paired samples t-tests revealed that children and adolescents with GGE had significantly lower affective ToM scores compared to cognitive ToM (t 22 = -3.21, p = 0.004, two-tailed), whereas there was no difference for controls. Groups did not differ significantly on the TOMI total score, after controlling for FSIQ, WM and inhibition (Fig. 1C) . Scores on the TOMI were not significantly correlated with scores on behavioural measures of ToM (strange stories or faux pas) in either GGE or control groups.
Social competence
MANCOVA revealed a statistically significant difference between GGE and controls across measures of social competence (Pillai's value = 0.288, F (4,33) = 3.342, p = 0.021). Post-hoc tests with Bonferonni adjusted p-values revealed that GGE performed significantly below controls on CBCL social competence (F (1, 42) =8.270, p = 0.007, d = 1.55) and SDQ peer problems (F (1, 42) =7.068, p = 0.008, d = 0.93) while controlling for FSIQ, WM and inhibition. There were no differences between GGE and controls on SDQ total problems or SDQ prosocial behaviour.
Relationships between ToM and social competence
Correlations between ToM and social competence measures on which children and adolescents with GGE were significantly impaired compared to controls are summarised in Table 4 . A higher score on strange stories mental stories was correlated with higher social competence on the CBCL and less peer problems on the SDQ. Higher affective ToM on the faux-pas task was associated with greater social competence on the CBCL. There were no significant correlations between cognitive ToM on the faux pas task and these measures of social competence.
E. Stewart et al.
Seizure: European Journal of Epilepsy 60 (2018) 96-104
Relationships between epilepsy variables, ToM and social competence
Correlations between epilepsy variables, ToM and social competence measures for children and adolescents with GGE are summarised in Table 4 . A higher daily dosage of valproate was associated with reduced affective ToM on the faux-pas task for children taking valproate only or in combination with other AEDs. A higher daily dosage of ethosuximide was associated with reduced CBCL social competence in children taking ethosuximide only or in combination with other AEDs. Higher dosage of lamotrigine was associated with significantly more SDQ social problems in children taking lamotrigine only or in combination with other AEDs. Dosage relationships could not be calculated for remaining AEDs due to small participant numbers (n≤2). Neurologist rating of epilepsy severity on the GASE was associated with more social competence problems on the CBCL and more peer problems on the SDQ. Individual differences analyses revealed that a greater proportion of children with high GASE scores (≥3, N = 12) had borderline to clinical range social problems on the SDQ (8 of 12, 67% of group) compared to children with low GASE scores (< 3, N = 10) with borderline to clinical range social problems on this measure (3 of 10, 30% of group) and the difference in proportions was significant (Fishers exact test, p = 0.028, Fig. 2) . A longer period of untreated seizures (i.e. time between seizure onset and commencing medication) was associated with significantly reduced affective ToM on the faux-pas task. No other seizure variables (i.e. age of onset, duration of seizure disorder, seizure frequency over past 12 months) were significantly associated with ToM or social competence. There were no differences in ToM or social competence for children with different epilepsy syndromes, all ps > 0.05.
Discussion
The main objectives of this study were to examine cognitive and affective ToM and social competence in children and adolescents with GGE and correlations with epilepsy-related variables, focusing on seizure variables and AEDs. Findings revealed marked ToM and social impairments in children and adolescents with GGE relative to controls, which were not attributable to low intellectual functioning or impaired executive skills (WM, inhibition). While ToM impairments in the GGE group were evident in both cognitive and affective domains, they were significantly greater in affective relative to cognitive ToM. Importantly, impaired ToM was associated with reduced social competence, highlighting the functional impact of ToM impairments on children's daily social functioning. Finally, a number of epilepsy-related variables were correlated with ToM and social impairments, including overall epilepsy severity and daily dosage of commonly prescribed AEDs (valproate, ethosuximide and lamotrigine).
Overall epilepsy severity, as rated by treating neurologists, was AED, anti-epileptic drug; GGE, genetic generalised epilepsy.
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correlated with functional social impairments in children and adolescents with GGE. Children rated as having 'somewhat severe' to 'extremely severe' epilepsy (≥3 on the GASE) were significantly more likely to have borderline to clinical range social problems than children rated as having 'not at all severe' to 'a little severe' epilepsy (< 3 on the GASE). These findings suggest that the GASE may be useful screening tool to identify children with GGE who are at risk of clinically elevated social impairments. Children scoring 3 or higher on the GASE may benefit from referral for psychosocial assessment and more detailed screening questionnaires, such as Child Behaviour Checklist 6-18 [39] , Strength and Difficulties Questionnaire [40] or other questionnaires recommended by authors who proposed a recent model of social competence in childhood-onset epilepsies [1] . Another epilepsy-related variable that was correlated with ToM and social competence was higher daily dosage of AEDs. Higher dosage of valproate, the most commonly prescribed AED in our sample, was associated with reduced affective ToM in children taking valproate alone or in combination with other AEDs. Higher daily dosages of lamotrigine and ethosuximide, the two next most commonly prescribed AEDs, were associated with more social competence problems in children taking these medications alone and in combination with other AEDs. These findings contradict previous research, which has found no association between AEDs and ToM or social outcomes in either children [17, 28] or adults [19, 20] . Methodological limitations of past studies, including dichotomous categorisation of AEDs [17, 28] and use of total number of AEDs [46] may explain discrepant results. Our findings are consistent with literature showing that the cognitive and behavioural side effects of AEDs relate to dosage and drug type [26, 47] , and suggest a need to monitor children who are on higher dosages of medication. The conclusions that can be drawn from these results are limited by the small sample size. The implication that specific drugs at higher doses may impact social skills demands further investigation. Also the higher dose may just be a marker of more severe epilepsy not an effect of the drug itself. Because of the preliminary nature of these findings, we recommend that results be interpreted with caution. The current paper provides preliminary evidence that higher dosages of particular AEDs may be related to ToM in children and adolescents with GGE, however follow-up research is needed.
The only seizure variable that was significantly associated with ToM was longer period of untreated seizures, which was associated with significantly reduced affective ToM. The period of untreated seizures referred to the time between seizure onset and starting medication. In all cases, children started medication within one week of receiving a formal diagnosis with a neurologist, which was on average 8.75 months after seizures had commenced, as reported by parents. In contrast, other seizure variables (age of onset, duration of epilepsy, seizure frequency over past 12 months) were not associated with ToM or social competence, which is consistent with past studies [15] . These epilepsy variables, which have been widely used in the past, seem to lack sensitivity to the detrimental impact of the condition on ToM and social outcomes.
We found a significant correlation between ToM and social competence in children and adolescents with GGE. This is the first time this correlation has been shown for children any form of epilepsy and supports developmental studies showing strong associations between ToM and social outcomes in typically developing children [48] . These findings substantiate two theoretical models of social competence in children with epilepsy and neurological conditions, which purport a relationship between ToM and social competence that has yet to be supported with empirical evidence [1, 4] . They expand upon results from past studies, which have not considered the functional impact on ToM impairments on children's day-to-day social functioning [17, 28] . By measuring social domains that are grounded in a childhood epilepsyspecific model, we have shown that ToM impairments may adversely affect everyday social interactions of children with GGE. These findings have important clinical implications and suggest that ToM interventions may be an effective and feasible means of addressing social difficulties in children with GGE, for which no evidence-based treatments currently exist [3] . Promisingly, ToM interventions have been successful at improving social outcomes among children with ASD, severe hearing impairment, and typically developing children without clinically significant social problems [49] , yet their efficacy for children with epilepsy has not been examined.
While children and adolescents with GGE were impaired on behavioural measures of ToM, they did not differ significantly from controls on the parent-rated measure of ToM: the TOMI [37] . This may reflect a methodological issue. While behavioural tasks (strange stories and faux-pas task) assessed cognitive and affective ToM, the TOMI includes questions pertaining to basic social cognitive skills (i.e. facial emotion recognition) and earlier emerging cognitive ToM (i.e. false belief understanding), alongside cognitive and affective ToM questions [37] . The lack of significant correlation between scores on the TOMI and behavioural measures of ToM used in this study, in both GGE and controls, may be related to the differences in skills measured by these instruments. This suggests that the TOMI is not a suitable screening tool to detect ToM impairment in children and adolescents with GGE. Fig. 1 . Mean scores (standard deviation bars) on behavioural and parent-report measures of ToM in GGE and controls groups: (A) Strange stories: between group differences in mental stories and physical stories; (B) Faux pas task: between group differences in cognitive ToM, affective ToM and comprehension; (C) Theory of Mind Inventory (TOMI): between group differences in total ToM score (parent-rated measure). Table 4 Correlations (p-values) between measures of ToM and social competence on which significant between group differences were found, and epilepsy variables in children with GGE. E. Stewart et al.
Seizure: European Journal of Epilepsy 60 (2018) 96-104
Moreover, the lack of significant correlation between the TOMI and behavioural ToM tasks in controls and children with GGE calls into question the validity of this measure more broadly. While a past validity study did find significant correlations between the TOMI and 'a behavioural ToM task battery' in typically developing children and children with autism, the behavioural ToM tasks used in this study differ from extensively employed and validated behavioural ToM tasks that we used in our study. Nevertheless, it is that our findings are specific to the current sample, and this methodological issue could be addressed in future studies.
Other limitations of the current study include the small sample size and use of only parent-rated measures of social competence. Including child-rated and observational measures in future studies will help clarify how ToM may relate to observable social behaviours and the child's subjective social experience. Use of a convenience sample to recruit controls may have biased results; while controls did not differ from children with GGE in age, gender and SES, they may have differed on environmental variables that affect ToM and social development, such as family stress, parental anxiety, social stigma and isolation [4] . We did not examine environmental contributors to ToM and social problems, as this was not the focus of the current paper. Future researchers should include measures of family functioning, education and environmental stress to clarify their role in ToM and social development in GGE. The theoretical models provided by Beauchamp and Anderson [4] and Rantanen, Eriksson and Nieminen [1] , provide useful frameworks to guide decision making in which environmental variables to include. We only included children with GGE and cannot draw conclusions about whether findings generalise to children with other types of epilepsy. Moreover, we were unable to obtain epilepsy-related information for children who did not participate in the study. Hence, our sample may not be entirely representative of the general GGE population. Future researchers should replicate these findings among a larger sample of children with GGE and extend this research to children with focal epilepsies, particularly TLE, as this is common in childhood and associated with ToM impairments in adults [18, 46] . We also only examined dosage relationships for AEDs for which there were sufficient participant numbers and further research is needed to clarify whether other AEDs have similar relationships to ToM and social outcomes. Finally, it is unclear from this cross-sectional study whether deficits in affective ToM that were related to valproate dosage are pre-existing, long lasting or whether they would reverse if medication dosage was decreased or ceased. Longitudinal research is needed to clarify this and to study the timeline in which ToM impairments emerge.
Conclusions
Our findings provide the first evidence for very large, cognitive and affective ToM impairments in children with GGE, which are comparable or larger in size to those documented in adults with TLE and FLE [15] . The study enhances knowledge of factors underpinning clinically significant social problems in children with GGE. Clinical variables identified in this study (dosage of AEDs, epilepsy severity on the GASE) may be useful measures to include as a part of psychosocial screening and monitoring procedures. Clinicians should be aware that as daily dosage of commonly prescribed AEDs increases (valproate, ethosuximide lamotrigine), ToM and social impairments may also increase. Moreover, children rated as having higher epilepsy severity (≥3 on GASE) are more likely to have borderline to clinical range social problems than children with lower epilepsy severity (< 3 on GASE) and may benefit from referral for assessment with a psychologist or neuropsychologist. Increasing knowledge of these clinical variables among clinicians working with children with epilepsy may improve detection and treatment of social difficulties. Although no empirically validated treatments currently exist, ToM remediation programs may become available to children with GGE and other forms of epilepsy as research progresses, providing means to address pervasive social difficulties in this group. Finally, it is important to emphasise that the relationships documented between AEDs, ToM and social competence in the present study are preliminary. Further investigation is needed to clarify associations between AEDs (dosage and drug type), ToM and social outcomes in children with GGE and other epilepsy types.
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